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('0 UHTXLUHV HOHFWURGHV ZKLFK DUH PDGH VSHFLILFDOO\ IRU PDFKLQLQJ D JLYHQ SURGXFW 7KHVH HOHFWURGHV DUH
IDEULFDWHGLQWKHVDPHVKDSHDVUHTXLUHGLQWKHGLHFDYLWLHVVRWKHEDVLFSURSHUWLHVRIHDVHLQIRUPDWLRQWKDWWRDWORZ
FRVW JUHDWO\ DIIHFW WKH ('0 WRROLQJ FRVW 7\SLFDO PDWHULDOV XVHG DV ('0 HOHFWURGHV LQFOXGH FRSSHU EUDVV
FKURPLXPWXQJVWHQVWHHOFRSSHUWXQJVWHQDQGFRSSHUFKURPLXPDOOR\V$UWKXUHWDO7KHVHPDWHULDOVKDYH
KLJKPHOWLQJWHPSHUDWXUHDQGH[FHOOHQWHOHFWULFDODQGWKHUPDOFRQGXFWLYLW\&RQYHQWLRQDOPHWKRGVRIIDEULFDWLQJWKH
HOHFWURGHV LQFOXGHVWDPSLQJFRLQLQJJULQGLQJH[WUXVLRQGUDZLQJDQGVLPSOHSURFHVVHV OLNH WXUQLQJDQGPLOOLQJ
7KHVH PHWKRGV XVXDOO\ UHTXLUH ORQJ SURFHVVLQJ WLPH DQG UHVXOWV LQ PDWHULDO ZDVWDJH HVSHFLDOO\ ZKHQ D FRPSOH[
JHRPHWU\ RU LQWULFDWH SURILOH LV WR EH SURGXFHG ,Q UHFHQW \HDUV WKH XVH RI SRZGHU PHWDOOXUJ\ SURFHVVHG 30
HOHFWURGH KDV HPHUJHG DV D YLDEOH DOWHUQDWH WRROLQJ RSWLRQ IRU ('0 ZKHUH WKH GHVLUDEOH SURSHUWLHV RI GLIIHUHQW
PDWHULDOV FDQ EH FRPELQHGZLWK D YLHZ WR LPSDUW LPSURYHG VXUIDFH SURSHUWLHV WR WKHZRUN VXUIDFH7KH WKHUPDO
HOHFWULFDOPHFKDQLFDODQGPLFURVWUXFWXUDOSURSHUWLHVFDQEHHIIHFWLYHO\FRQWUROOHGE\WKH30SURFHVVYDULDEOHVVXFK
DVFRPSDFWLQJSUHVVXUHVLQWHULQJWHPSHUDWXUHDQGVLQWHULQJWLPH7KHVHSURSHUWLHVJUHDWO\DIIHFWWKHSHUIRUPDQFHRI
30SURFHVVHV HOHFWURGHV LQ ('0 6DPXHO DQG 3KLOLS  6DPXHO DQG 3KLOLS  7KXV 30SURFHVVHG
HOHFWURGHVKDYHDVLJQLILFDQWUROHLQWKH('0ZLWKUHPDUNDEOHFRQWULEXWLRQLQVXUIDFHWUHDWPHQWDSSOLFDWLRQV %HULHW
DO
7VDL HW DO  SURSRVHG D QHZ PHWKRG RI EOHQGLQJ WKH FRSSHU SRZGHUV FRQWDLQHG UHVLQ ZLWK FKURPLXP
SRZGHUVWRIRUPWRROHOHFWURGHV 6XFKHOHFWURGHVDUHPDGHDWORZVLQWHULQJSUHVVXUH03DDQG WHPSHUDWXUH
& LQ D KRW PRXQWLQJ PDFKLQH 7KLQQHU UHFDVW OD\HU DORQJ ZLWK IHZHU FUDFNV ZHUH REVHUYHG RQ WKH PDFKLQHG
VXUIDFH .XPDU HW DO  UHYLHZHG WKHSKHQRPHQRQRI VXUIDFHPRGLILFDWLRQE\('0DQG IXWXUH WUHQGVRI LWV
DSSOLFDWLRQV,WZDVUHSRUWHGWKDW GHOLEHUDWHPDWHULDOWUDQVIHUPD\EHFDUULHGRXWXQGHUVSHFLILF PDFKLQLQJFRQGLWLRQV
E\XVLQJHLWKHUFRPSRVLWHHOHFWURGHV RUE\GLVSHUVLQJPHWDOOLFSRZGHUV LQ WKHGLHOHFWULF RUERWK 6ULYDVWDYD HW DO
 VWXGLHG WKHSHUIRUPDQFHRIVLQWHUHGFRSSHU &X±WLWDQLXPFDUELGH7L&HOHFWURGH WLS LQXOWUDVRQLFDVVLVWHG
FU\RJHQLFDOO\ FRROHG HOHFWULFDO GLVFKDUJH PDFKLQLQJ 7KH VXUIDFH FUDFNV GHQVLW\ DQG FUDFN ZLGWK RQ ZRUN SLHFH
PDFKLQHGE\FHUPHWWRROWLSZHUHIRXQGWREHOHVVHUDVFRPSDUHGWRWKHVSHFLPHQ PDFKLQHGE\FRQYHQWLRQDOWRROWLS
%HUL HW DO  HYDOXDWHG PDFKLQLQJ SHUIRUPDQFH GXULQJ HOHFWULFDO GLVFKDUJH PDFKLQLQJ RI ,QFRQHO  ZLWK
GLIIHUHQWHOHFWURGHFRPSRVLWLRQVDQG('0RLODVGLHOHFWULFPHGLXPXVLQJVWDQGDUG/RUWKRJRQDODUUD\EDVHGRQ
WKH7DJXFKLPHWKRG +RHWDO  VWXGLHGWKLFNQHVVDQGKDUGQHVVRIUHFDVWOD\HUDIWHUSHUIRUPLQJH[SHULPHQWDO
VWXG\ RQ 7L±$O±9 DOOR\ XVLQJ ERWK VROLG DQG SRZGHU FRPSDFWHG FRSSHU HOHFWURGHV *ORZ GLVFKDUJH RSWLFDO
HPLVVLRQVSHFWURVFRS\VKRZHG WUDQVIHURIHOHFWURGHPDWHULDORQWKHZRUNVXUIDFH 0XUUD\HW DO  IRXQGWKDWWKH
HOHFWURGH VXUIDFH LV VXEMHFW WR LQWHQVH VHFRQGDU\ VSDUNLQJ GXULQJ PLFUR('0 DUH WKHUHIRUH LV OLDEOH WR WUDQVLHQW
VXUIDFHSURSHUWLHVGHSHQGHQWRQWKHFRPSRVLWLRQRIWKHGHSRVLWHG PDWHULDO,WZDVDOVRREVHUYHGWKDW WKHGHSRVLWHG
PDWHULDORQWKH:&XWRROHOHFWURGHFDQRIIHUDSURWHFWLYHHIIHFWDJDLQVWZHDUIURPIXUWKHUVHFRQGDU\GLVFKDUJHVDQG
VR SRWHQWLDOO\ HQKDQFLQJ WRRO OLIH %HUL HW DO  SHUIRUPHG H[SHULPHQWDO VWXG\ WR HYDOXDWH VXUIDFH URXJKQHVV
GXULQJHOHFWULFDOGLVFKDUJHPDFKLQLQJ RI,QFRQHODOOR\ZLWKSRZGHUPHWDOOXUJ\30SURFHVVHGHOHFWURGHV 7KH
LQYHVWLJDWHGSURFHVVSDUDPHWHUV ZHUHSRODULW\HOHFWURGHW\SHSHHNFXUUHQWSXOVHRQWLPHGXW\F\FOHJDSYROWDJH
UHWUDFWGLVWDQFHDQGIOXVKLQJSUHVVXUH$VWDQGDUG/ ;RUWKRJRQDODUUD\EDVHGRQ7DJXFKLPHWKRGRORJ\ZDV
DSSOLHG WR SODQ DQG GHVLJQ H[SHULPHQWV ([SHULPHQWDO GDWD ZDV VWDWLVWLFDOO\ DQDO\]HG XVLQJ DQDO\VLV RI YDULDQFH
$129$7KHEHVWSDUDPHWHU VHWWLQJIRUPLQLPXPVXUIDFHURXJKQHVVZLWKLQWKHH[SHULPHQWUDQJHZDV IRXQGDW YH
SRODULW\&X:HOHFWURGHDPSVFXUUHQW VHFSXOVHRQWLPHGXW\F\FOHYROWVJDSYROWDJHPP
UHWUDFW GLVWDQFH DQG  .JFP IOXVKLQJ SUHVVXUH (QHUJ\ GLVSHUVLRQ VSHFWUXP ('6 DQDO\VLV RI WKH PDFKLQHG
VXUIDFHFRQILUPHGWKHGHSRVLWLRQRIWXQJVWHQRQWKHZRUNVXUIDFH
)URPWKHDERYHUHYLHZHGOLWHUDWXUHLWZDVREVHUYHGWKDW30HOHFWURGHVVLJQLILFDQWO\FRQWULEXWHIRUVXUIDFHTXDOLW\
LPSURYHPHQWWKXVDQHHGZDVIHOWWRLQYHVWLJDWHIXUWKHUWKHZRUNVXUIDFHDWWKLVEHVWSDUDPHWHUVHWWLQJZLWKDYLHZWR
VWXG\ WKH HIIHFW RQ ZRUN VXUIDFH PLFUR KDUGQHVV ,Q WKH SUHVHQW ZRUN DWWHPSW KDV EHHQ PDGH WR SHUIRUP;UD\
GLIIUDFWLRQ ;5'DQDO\VLVDQGZRUN VXUIDFHPLFURKDUGQHVV VWXG\RI WKHPDFKLQHGVXUIDFHDW WKHEHVWSDUDPHWHU
VHWWLQJDQG LVFRPSDUHGZLWKWKHVXUIDFHPDFKLQHGXVLQJFRQYHQWLRQDOFRSSHUHOHFWURGH
 ([SHULPHQWDWLRQ
([SHULPHQWVZHUHFDUULHGRXWRQ(OHFWURQLFDPDNH('0 PDFKLQH PRGHO60$57=1&6,QFRQHODOOR\
VWHHOZDVVHOHFWHGDVZRUNSLHFHPDWHULDOIRUWKHVWXG\DQG('0RLODVWKHGLHOHFWULFPHGLXP7KHEHVWSDUDPHWULF
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D E
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0LFURKDUGQHVVVWXG\ZDVSHUIRUPHGZLWKDOOWKHWKUHHHOHFWURGHVDQGLVFRPSDUHGZLWKWKDWRIWKHEDVHPDWHULDO
0LFURKDUGQHVVRIFURVVVHFWLRQZDVPHDVXUHGZLWK'+90LFUR9LFNHUKDUGQHVVWHVWHU7KHPLFURKDUGQHVV
YDOXHV DUH VKRZQ LQ WDEOH DQG LWZDV IRXQG WKDWPLFURKDUGQHVV LQFUHDVHG IURP+9RI WKHEDVHPHWDO WR
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KDUGQHVVZDVREWDLQHGZLWK&X:HOHFWURGHVR UHFDVW OD\HUDQG;5'VWXG\ZDVSHUIRUPHG IRU WKHPDFKLQHG
VXUIDFHREWDLQHGZLWK WKLVHOHFWURGH)LJXUH VKRZVPLFURJUDSKRIFURVVVHFWLRQRIPDFKLQH VXUIDFH VKRZLQJ WKH
IRUPDWLRQRI GHSRVLWHG OD\HU UHFDVW OD\HU DQGKHDW HIIHFWHG ]RQHGXULQJ('0ZLWKSRZGHUPHWDOOXUJ\SURFHVVHG
HOHFWURGHV7KHOHQJWKVRIGLIIHUHQWOD\HUVDUHGHSLFWHGLQ7DEOH,WLVREVHUYHGWKDWDOD\HURIRUGHURIPLFURQ
LVGHSRVLWHGRQWKHZRUNVXUIDFHDQGFDXVHVDPRGLILFDWLRQRIWKHPDFKLQHGVXUIDFHFDOOHGDVVXUIDFHDOOR\LQJ7KH
UHFDVWOD\HULVRIWKHRUGHURIPLFURQDQGWKHKHDWDIIHFWHG]RQHLVRIWKHRUGHURIPLFURQ
7DEOH 0LFURKDUGQHVVYDOXHV
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GLVFKDUJHPDFKLQLQJZLWK&X:HOHFWURGH;5'JUDSKILJXUHUHYHDOHGWKHIRUPDWLRQRIIROORZLQJSKDVHLH
FRPSRXQGVLQWKHIRUPRIFRPSOH[FDUELGHVYL])H:&&U)&10R&DUHIRUPHG7KLVIRUPDWLRQRIFDUELGHV
PRGLILHVWKHZRUNVXUIDFH,WLVIXUWKHUREVHUYHGWKDWDOPRVWDOOWKHSHDNVVKRZWKHIRUPDWLRQRI)H:&SKDVH7KLV
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DQ LQFUHDVH LQPLFURKDUGQHVVRI WKH VXUIDFH=KXHWDO  KDYH UHSRUWHG WKDW IRUPDWLRQRI VXUIDFHFRDWLQJRI
)H:&E\+9$6KLJKYHORFLW\DUFVSUD\LQJOHDGVWRDULVHLQPLFURKDUGQHVVRIWKHFRDWLQJ$KPHGDHWDO 
DOVRUHSRUWHGWKDWIRUPDWLRQRIVHFRQGDU\SKDVHVRI)H:&DIWHUWKHSRVWWUHDWPHQWRIWKHUPDOVSUD\:&±1L&U%6L
FRDWLQJV UHVXOWHG LQ DQ LQFUHDVH LQ VXUIDFH PLFUR KDUGQHVV  ,W VHHPV WKDW VXUIDFH PRGLILFDWLRQ ZLWK SRZGHU
PHWDOOXUJ\ SURFHVVHG HOHFWURGHV LQ ('0 FDQ EH XVHG DV DQ YLDEOH DOWHUQDWLYH WR WKH RWKHU FXUUHQWO\ DYDLODEOH
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